Background: Socioeconomic-related inequality in oral hygiene behaviors in Iran is poorly understood. This study aims to measure and decompose socioeconomic-related inequalities in oral hygiene behaviors among middle-aged and elderly adults in Iran. Methods: A cross-sectional analysis was performed using data from the Prospective Epidemiological Research Studies in IrAN (PERSIAN), a large national cohort study. A total of 130,016 individuals aged 35 years and above from 17 cohort centers in Iran were included in the study. The normalized concentration index (C n ) was used to measure the magnitude of inequality in oral hygiene behaviors, i.e. brushing at least twice and flossing once daily, among middle-aged and elderly Iranian adults included in the cohort centers. Decomposition analysis was performed to quantify the contribution of each determinant to the observed inequality in oral hygiene behaviors. Results: Totally, 65.5% of middle-aged and elderly adults brushed their teeth twice a day or more, 7.6% flossed at least once a day and 3.48% had both habits. The estimated C n of the two habits combined, i.e. tooth brushing and dental flossing, for all provinces taken part in the PERSIAN cohort study was 0.399 (95% confidence interval [CI]: 0.383 to 0.417), indicating that the prevalence of the two habits combined is more concentrated among individuals with higher socioeconomic status. Inequality in oral hygiene behaviors was pro-rich in all cohort centers. The decomposition results suggested socioeconomic status as the main factor contributing to the overall inequality, followed by the level of education, and the province of residence. Conclusion: A low prevalence of oral hygiene behaviors among middle-aged and elderly Iranian adults was observed. There was also a pro-rich inequality in oral hygiene behaviors among middle-aged and elderly adults in all cohort centers. These results suggest an urgent need for targeted policy interventions to increase the prevalence of preventive oral hygiene behaviors among the poor and less-educated middle-aged and elderly adults in Iran.
Background
Dental problems are major public health concerns worldwide [1] and have negative consequences on the quality of life [2] . Oral and dental problems impose a substantial economic burden on individuals, their families as well as the health system. Treatments of oral diseases are costly, especially for low-income and deprived households [1] . Direct and indirect costs of oral diseases account for approximately 7% of the total health expenditures, implying the importance of oral hygiene behaviors for oral disease prevention [3] . Although oral and dental problems can be avoided by appropriate oral hygiene behaviors and preventive self-care practices, these problems continue to persist in many countries around the world [4, 5] .
It has been shown that oral hygiene is a cost-effective and self-performed preventive strategy in improving oral health conditions. Proper oral health behaviors such as tooth brushing, dental flossing and receiving regular dental checkups are effective strategies to prevent tooth decay, and periodontal diseases [5, 6] . According to the American Dental Association (ADA), regular habits of tooth brushing (at least twice a day) and flossing (at least once a day) can effectively prevent oral problems [7] . A systematic review concluded that flossing, in addition to tooth brushing, reduces gingivitis compared to tooth brushing alone [8] . Although compliance with the ADA recommendation of oral hygiene behaviors is highly recommended [7] , some studies have shown that a large proportion of individuals brush and floss their teeth less than what is suggested [9, 10] . Poor oral health behaviors, especially poor dental self-cares (e.g. tooth brushing and dental flossing) and non-use of dental service are associated with the dental impairments, and thus reduced oral health-related quality of life [11] . Considerable evidence indicates that the prevalence of dental problems is unequally distributed across socioeconomic groups: individuals with lower socioeconomic status (SES) have a higher burden of dental diseases than their higher SES counterparts [12] [13] [14] [15] . Socioeconomic-related inequalities in oral health status have been observed in low-, middle-, and high-income countries [16, 17] , so that higher SES individuals clean their teeth more effectively and frequently and use more self-performed preventive strategies [18] .
Despite the growing number of studies on socioeconomic-related inequalities in several health indicators, there is a notable paucity of studies measuring socioeconomic inequalities in oral hygiene behaviors. For instance, a study conducted in Iran has indicated a pro-rich inequality in oral hygiene behaviors in Iranian children and adolescents [19] . Although the existing studies in Iran and other countries [9, 15, 20] have assessed the relationship between socioeconomic factors and oral health conditions, these studies did not measure the magnitude of socioeconomic-related inequalities or identify factors that explain such inequalities in dental hygiene behaviors. Specifically, it is very little evidence on daily tooth brushing and dental flossing as specific oral hygiene behaviors among middle-aged and older adults in Iran. Therefore, this study contributes to our understanding of oral hygiene behaviors among middle-aged and older adults in Iran, as most studies in the field have focused on children and adolescents. This study aimed to quantify and decompose socioeconomic inequalities in oral hygiene behaviors (tooth brushing and dental flossing) among 14 out of the 31 provinces of Iran, covering almost all ethnic groups in all geographic areas. We believe that the data from these provinces have the potential to measure socioeconomic-related inequalities in oral hygiene behaviors at the national level.
Materials and methods

Data
A cross-sectional analysis of data from the Prospective Epidemiological Research Studies in IrAN (PER-SIAN) was done. The PERSIAN cohort was launched in 2014, originally intended to be conducted in 10 geographically-defined regions. It has now stretched to 19 regions of Iran. We obtained the baseline data of 19 cohort centers from the PERSIAN central office in 2018. These regions were selected based on specific characteristics of each region (e.g., population stability, local disease patterns, exposure to certain risk factors, and causes of death). The PERSIAN Cohort aims to identify the risk factors underlie the most common non-communicable diseases in Iran. Further details about the design and the sampling method of the Cohort can be found elsewhere [21, 22] . The initial sample consisted of 131,813 individuals, of which 1376 individuals were excluded due to incomplete data on dental flossing, tooth brushing, age, etc. In this study, we obtained data from 19 cohort centers located in 14 different provinces in Iran. For the purpose of this study, the regional cohort centers located in the same province considered as the province in which they were located (Appendix). In addition, data on Kohgiluyeh and Boyer Ahmad province were excluded from the analysis. Because at the time of this study, the recruitment phase of its cohort center was ongoing and the sample size was insufficient to include into the model. Finally, we used data from 18 cohort center located in 14 provinces of Iran. Finally we used the data of 130,016 individuals aged 35 and older in the analysis.
Variables
The outcome of interest in the study, good oral hygiene behaviors, is a binary variable representing whether or not an individual had good oral health behaviors. The outcome variable was defined based on these questions: "How many times per day do you brush your teeth? once daily, twice daily, three times a day, four times and more a day and never", "Do you use dental floss? yes/no" and "How many times per week do you floss?". Participants who reported 7 times and more per week, considered as those who flossed at least once a day. Therefore, in this study good oral hygiene behaviors were defined for individuals who did brush their teeth with toothpaste at least twice and flossing once daily. The following variables used as determinants of oral hygiene behaviors in the decomposition analysis: sex (male/female), age (35-44, 45-54, 55-64 and 65 + : Since the age group of 75-85 years was less than 1 % of the sample, we merged this age group with the age group of 65-75 years and considered them as the age group of 65 and older), marital status (single, married, divorced/widowed), level of education (illiterate, primary, intermediate, secondary, higher), the SES of individuals and province of residence (14 geographically-defined provinces of Iran). The SES of individuals was measured using a constructed household wealth index. The participants had been asked about whether they possessed certain durable assets, including a laptop, dishwashing machine, freezer, threedimensional TV, vacuum cleaner, car, motorcycle, personal computer/laptop, smartphone, the number of rooms per capita, and the type of homeownership, they also had been asked about their infrastructure facilities (access to internet, access to piped drinking water). Based on these information, we constructed the wealth index using principal component analysis (PCA) technique. Any variables with a frequency of less than 5% or more than 95% were not included in the PCA model. The PCA generates the weight for each selected asset and then estimates a continuous index based on the sum of all weights of the variables included in the PCA for each individual. The index was categorized into wealth quintiles, where the 1st quintile indicates the poorest SES group and the 5th quintile indicates the richest SES group [23] [24] [25] [26] .
Statistical analysis
The concentration index (C) was used to quantify the magnitude of socioeconomic inequalities in oral hygiene behaviors. The C is defined with respect to the concentration curve, which plots the cumulative percentage of good oral hygiene behaviors on the horizontal axis and cumulative percentage of individuals ranked in ascending order of SES in the vertical axis. Twice the area between the line of equality (the diagonal) and the concentration curve is defined as the C. The C ranges between − 1 and + 1. When the C is positive good oral hygiene behaviors are more concentrated among high-SES individuals, and there exists pro-rich inequality. When the C is negative, good oral hygiene behaviors are more concentrated among low-SES individuals, and there exists pro-poor inequality the zero value of C indicates that oral hygiene behaviors is equally distributed among the SES groups. The C can be computed using the following formula [27] :
Where μ is the mean or the proportion of the good oral hygiene behaviors and y i and r i represent the good oral hygiene behaviors and fractional rank in the socioeconomic distribution for the i th individual, respectively. As the health outcome variable in this study is binary, the maximum and minimum values of the C are not between − 1 and + 1. To address this issue, as per Wagstaff's suggestion, we normalized the C by multiplying the estimated C by 1 1−μ . We decomposed the C to quantify the contribution of each determinant to socioeconomic inequalities in oral hygiene behaviors among middle aged and elderly adults in Iran. According to Wagstaff and colleagues [28] for any linear additive regression model linking our health outcome variable, y to a set of k determinants, x k [28] :
The C for oral hygiene behaviors, can be decomposed as follows:
Where x k represents the mean of determinant k, x k .
The C k is the C for x k and β k x k μ is the elasticity of good oral hygiene behaviors with respect to determinant k. The elasticity of each determinant demonstrates the sensitivity of good oral hygiene behaviors to changes in the determinant. A positive elasticity means that individuals with this characteristic are more likely to have good oral hygiene behaviors. The GC ε indicates the generalized C for the error term. The first part in Eq. 3,
, is the explained component and indicates the contribution of explanatory variables to the overall socioeconomic inequality in good oral hygiene behaviors. The second part of the Equation, GCε/μ, is an unexplained (residual) component and shows the portion of the C for good oral hygiene behaviors that cannot be explained by the systematic variations in the determinants across SES groups.
The decomposition of the normalized concentration index, C n , can be written as follows [28] :
As our outcome variable was a dichotomous variable, we used marginal effects obtained from the logit model in the decomposition analysis to estimate the contributions of the explanatory variables to the C n . All analyses were conducted using STATA software version 14.
Results
Descriptive results
A total of 130,016 adults aged 35 years and older with a mean age of 49.37 (standard deviation [SD] = 9.2) years were included in the study, of which 72,071 (55. 4%) were female. Participants belonged to the age group of 35-44 years old account for 35.6% of the entire sample and the majority of the sample was married (90.9%). Also, the illiterate participants accounted for 35.2% of the whole sample (Table 1) .
Totally, 65.5% of adults brushed their teeth twice a day or more, 15 .9% reported that they used dental floss, 7.6% flossed at least once a day and 3.4% had both habits. The individuals aged 35-44 years old, married, those with a higher level of education and well-off individuals had a higher prevalence of the two habits combined (i.e. brushing and flossing). The results demonstrated that the cohort of Razavi Khorasan had the highest proportion of the two habits combined (13.3%), followed by the cohort of Chaharmahal and Bakhtiari (8.3%) and Mazandaran (5.4%) provinces. The lowest prevalence was observed in cohort of Khouzestan province (0.5%) (Table and Fig. 1 ).
Socioeconomic-related inequalities in oral hygiene behaviors
The estimated C n was 0.399 (95% confidence interval [CI]: 0.383-0.417) for the entire population, 0.374 (95% CI: 0.347-0.401) for men and 0.427 (95% CI: 0.405-0.449) for women. Positive values of the C n indicated that the prevalence of good oral hygiene behaviors is more concentrated among high-SES individuals ( Table 2) .
The estimated positive value of the C n for the two habits combined (i.e. brushing and flossing) varied significantly across 17 cohort centers in Iran, suggesting variations in the pro-rich distribution of good oral hygiene behaviors among adult populations living in different provinces/regions. The lowest socioeconomic inequality in oral hygiene behaviors was found in cohort of Chaharmahal and Bakhtiari (C n =0.196) and the highest socioeconomic inequality was observed in the cohort of Khouzestan (C n =0.393) followed by cohorts of Mazandaran (C n =0.408), and Quilan (C n = 0.347) (Fig. 2) .
Determinants of socioeconomic-related inequalities in oral hygiene behaviors
According to the decomposition analysis of the C n , belonging to the age groups of 55-65 and 65+ years, and having higher levels of education attainment positively contributed to the C n , indicating that the socioeconomic distribution of these factors and the association between these factors and oral hygiene behaviors (i.e. brushing at least twice daily and flossing once daily) resulted in the concentration of oral hygiene behaviors among higher SES individuals. Being female contributed negatively to the C n value, suggesting that the factor concentrated among the lower SES individuals (see the absolute and percentage contribution of these factors reported in Table 3 ). The main contributor to the pro-rich inequality in good oral hygiene behaviors was SES (69.7%), followed by education level (55.4%), province of residence (11%) and age groups (4.2%) ( Table 3 ).
Discussion
In this study, we quantified and decomposed socioeconomic inequalities in oral hygiene behaviors among cohort centers located in 14 different provinces of Iran. There is a current paucity of empirical research focusing specifically on measuring and decomposing socioeconomic inequalities in dental self-care behaviors in the middle-aged and elderly adults at the national level in Iran. Evidence has shown the role of various factors, including dietary habits (e.g. Sugar intake), use of fluoride, regular dental visit and dental self-care practice on oral health status [4, 29] . Among these factors, this study has focused on oral hygiene behaviors.
Overall, our findings indicated a very low prevalence of individuals with recommended oral hygiene behaviors in Iran. We also found the presence of a relatively high degree of inequality in oral hygiene behaviors favoring individuals with higher SES. A possible explanation for the low prevalence of two studied hygiene behaviors may be due to the use of other oral hygiene aids in Iran including Miswak (salvadora persica), mouthwash etc. Unfortunately, there is no prevalence study on the use of Miswak in Iran at the national level and it would be interesting to examine the prevalence of Miswak use at a national level study.
A low prevalence of preventive oral hygiene behaviors indicated unsatisfactory adherence to oral hygiene behaviors in middle-aged and older adults in Iran. Previous studies [9, 30] also highlighted poor dental hygiene behaviors in Iran. We found that only 3.4% of middle-aged and elderly adults included in the study followed the two recommended hygiene behaviors. A study conducted in the general population in 2011 with 12,105 individuals in Iran reported a prevalence of 5.7% for both oral hygiene behaviors [9] . Our study showed a higher prevalence of brushing at least twice a day (64.6%) compared to that of the previous study in Iran (20.1%) . This may indicate an improvement in adopting adequate tooth brushing behavior as a result of health education campaigns in Iran. Another explanation could be due to age differences between our study and the previously mentioned study in Iran (a mean age of 49.3 in our study versus a mean age of 37.8 in the previous mentioned one). This seems to be consistent with a study by Maes et al. which found that the prevalence of tooth brushing increased with increasing age, demonstrating an improvement in adopting the habit of brushing at least twice a day when young individuals were approaching adulthood [31] . We also found a prevalence of 15.9% for flossing behavior. This result is similar to that reported by the previous Iranian study [9] that found a prevalence of 16.8% for this hygiene behavior.
In addition to a low prevalence of oral hygiene behaviors, we found an unequal distribution of preventive dental self-care habits favoring individuals with higher SES in Iran. Recent studies also documented a significant increase in the differences in the oral health status of high and low SES individuals [19] . Part of oral health inequalities could be explained by this that high-SES are more likely to engage in healthy behaviors than individuals in low SES groups [32] [33] [34] . Previous studies conducted on socioeconomic inequality in the field of oral health in different countries generally indicated the presence of inequality in oral health status and behaviors [33, [35] [36] [37] . For example, consistent with our findings, a study conducted in Iran showed a pro-rich inequality in oral hygiene behaviors among children and adolescents [19] . Some studies have also indicated socioeconomic inequality in using dental care services and oral hygiene products such as toothbrushes and mouthwashes [33, 36, 38, 39] . A study in the UK also found a considerable socioeconomic inequality in oral health status favoring the better-offs [37] . Even though some previous research mentioned in this study were different in their oral health indicators as the outcome variables, the results of our study corroborate a pro-rich inequality in oral health indicators in general. Surprisingly, there was a pro-rich inequality for the dental flossing while a pro-poor gradient for tooth brushing was observed. A possible explanation for this is that more educated individuals and those with higher SES are probably more aware of oral health practices. In addition to using toothbrushes, they may also use other types of oral hygiene products compared to less educated and disadvantaged ones. On the other hand, less educated and lower-SES individuals probably are not aware of different oral hygiene products or they can only afford to pay for tooth brushing. A primary and significant step towards reducing the observed socioeconomic inequality in oral hygiene behaviors is to estimate the contribution of determinants to such inequalities. Similar to a previous study [40] , our decomposition analysis suggested SES and education level as the two main factors contributing to the observed inequality in oral hygiene behaviors. Apart from these two factors, the province of residence and age group made positive contributions to the socioeconomic-related inequality in oral hygiene behaviors. These results imply that the socioeconomic-related inequality in oral hygiene behaviors would have been reduced if these determinants had no impact on oral hygiene behaviors or were equally distributed across the SES groups. Socioeconomic status contributed to the concentration of oral hygiene behaviors among high SES individuals because, for example, higher SES allows individuals to pay for dental hygiene products or services, whereas the individuals of lower SES groups may not comply with the recommended oral hygiene behaviors due to their inability to pay for dental hygiene products or services [40] . Higher education level was another major contributor to pro-rich inequality in oral hygiene behaviors because highly-educated individuals are generally wealthier than less-educated ones and they are well-informed about the importance of tooth brushing and the use of dental floss for oral health gains [33] which, in turn, resulted in more adherence to preventive oral hygiene behaviors [41] . Interestingly, in a study by Chung et al., low-income individuals with a higher level of education reported better oral health behaviors including toothbrushing and dental visits than high-income individuals with a lower level of education [41] . Particularly, health literacy has been shown to be associated with engaging in oral health-promoting behaviors and also oral health status [42, 43] . For example, Ueno et al. showed a significant association between oral health literacy and oral hygiene status and oral health behaviors [43] . It has been argued that a possible way to reducing oral health inequalities is improving the oral health literacy of all sociodemographic groups [44] . Our findings suggested that policy interventions for reducing inequalities in preventive oral hygiene behaviors should focus more on low-SES and less-educated adults in Iran. For example, providing special services to individuals of low-SES groups and presenting educational programs for improving oral health literacy especially in people with lower levels of education may mitigate socioeconomic inequality in the oral hygiene behaviors in Iran. Another possible explanation for socioeconomic inequalities in oral hygiene behaviors is psychosocial factors, e.g. psychological distress, work-related stress, social capital, and sense of coherence that have not been included in our study. These factors may play an additional role in explaining oral hygiene inequality and could be considered in future studies [12, [45] [46] [47] .
A key strength of the study was that we used a large national sample to examine socioeconomic inequality in oral hygiene behaviors in cohort centers located in 14 different provinces in Iran. The large sample size gave us the opportunity to assess the regional variations in socioeconomic-related inequalities in oral hygiene behaviors in Iran. The novelty in the selection of middleaged and older adults was another strength of the study. Nonetheless, our study has some limitations. First, although we used all the participants of the PERSIAN Cohort study in our analysis, the generalizability of our findings is limited because the PERSIAN Cohort study collects information from 14 out of 31 provinces in Iran. The results, therefore, need to be interpreted with caution. Second, due to the cross-sectional design of the study, we cannot establish the causality between determinants and oral hygiene behaviors in the decomposition analysis. Third, we used self-reported data on healthy oral hygiene behaviors may be affected by social desirability bias. Lastly, we had no access to data on diet habit at the time of the analysis. In addition, the information about dental visit has not been included in the questionnaire of the PERSIAN cohort.
Conclusion
We found a low prevalence of oral hygiene behaviors in Iranian middle-aged and elderly adults. There was also pro-rich inequality in preventive oral hygiene behaviors among middle-aged and elderly adults in Iran. Socioeconomic status and level of education were the main factors contributed to the observed inequality, indicating that considering these factors could be useful in formulating public health policies to promote oral hygiene behaviors. The findings also suggested an urgent need for targeted policy interventions to encourage and improve oral hygiene behaviors among the poor and less-educated middle-aged and elderly adults in Iran. 
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